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AN INTENSIVE MONITORING STUDY OF TWO WETLANDS OF THE RIVER
MURRAY IN SOUTH AUSTRALIA; PHYSICO-CHEMICAL PARAMETERS AND
CYANOBACTERIA CONCENTRATIONS.

by A. M. OrsrN

Summary

Onsem, Ac ML (19971 Anintensive monitoring study of two werlands of the River Mureay in South Austealio:
physico-cherical parineters and cyanobacteria coneentritions, frams. & Soco S0 Apst. 121(4). 147-155. 28

November, 1997,

Qianutive data were collected on physico-chemical characteristics of surtoce water iemperanires, phl.
lurbidity. conductivity, dissolyed ummonia. dissolved reactive nitrate and total phosphile of Baprock and Loch
Loma wetlands from 26 sumplings in cach wetland over a 20-month intensive monitoring study. Concenrrations
ol the vartous physico-chemical parameters were within the ranges tound i similur freshwater River Murray

wethands.

Weather Factors, such as strong wands, heavy vain runott and lightaing., produced pertubations it wirbidiny.
vconductivity, dissolved reactive nitrate ind tolal phosphate levels in the two wellands.

Nulrient concentrations in excess of 0.36 mgl! total phosphate and 4.0 mal " dissolved reactive nitrate with
Vistig wanler temperatures weee related w vapid cell multiplication of” the cyanobacterio Aol spp. Three
Verabaena spp. were predonunant in the two wetlands amd reached their greatest numbers (23700 cells wl ') in
Loch Lum from late December 1994 10 mid - January 1995,

By Winens: Wetlunds. River Murray, monitoring physico-chemical parameters. cyanobiaeteria, Soutle Australiu.

Introduction

ln 1990 the Murray Darling Basin Commission
through its Natural Resources Management Striulegy
(NRMS) funded o preliminary study of the witer
Chemistry aned aguantie anvertebrates and  Land
veriehbrates of 10 wethmds of the River Murray
Noodpliins in South Austrahia (Goonan er al. 1992).
The survey was conducted during May - June 190(0).
Between May 1990 and February 1992, 51 second
more  detailed  physico-chemical and  biological
survey of eight alkaline freshwater wetlands was
arried ol on the above - mentioned Hoodplains.
Five of the cight wetlands were located between
Clover  Lake  (Culperum areq) and  the Berri
Evaporation Basin und (the remaining three were
between Rameo Lagoon (Waikerie) and Lake Carlet
(6 ki upstream of Munnum) (Fig. 1) These results
were reported by Suter ef al. (1993),

Bunrock Station [oodplain (Section 662, 681 und
6¥2 - Hundred of Moorook) and associated wetland
lic m about the middle of the 100 km (approx.)
streteh of the river between the five upper and three
lower wetlands studied by Suter er al. (1993),

Flow regulation of the River Murray at Lock 3 in
[925 helped create two permanent  lreshwater
wetlands in the region. one located in the floodplain
ol Banrock Station (347 08" S, 1407 20" E) und the

other in the Loch Luna Wetland Complex (340 12785,

TEOrcard Grove Newran 5, Aust SHU74

47 22" E) opposite Bunrock Station and ubout one
km upstream ol Lock 3 weir (ANCA 1996). Banrock
Station wetland has a 90 to 130 ha area depending on
water depth (20 ¢m - 1.1 m) and was created in the
19505 by damming the upper section of Bunrock
Creek. The wetland behind the dam wall is gravity
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fed by a channel Irom Lock 3 Pool. Waler levels are
maintained by controls at the inlet and outlet points
and discharges flow into Lock 2 Pool. Buropean carp
control structures were erected at the inlet in 1994,

The study described below was undertaken 1o
determine the cyclical changes in the physico-
chemical characteristics ol the waters of the two
wetlands and their influence on the rise and decline
ol those cyanobacterial species likely to produce
toxic outbreaks. In the summer of 1991-2 tiere had
been visible blue green algal blooms in hoth
wetlands.

Materials and Methods

Sampling
This monitoring study of the two wetlands of the
River Murray began in November 1994 and ended in

A. M. OLSEN

June 1996. For 19 months water from only the River
Murray catchment and upstream storages flowed
through Lock 3 Pool, The Darling River did not {low
because of the four-year drought in its drainage
basin. Mixed River Murray - Darling River water
flowed into Lock 3 Pool in June 1996 as a result of
floods in the Darling River.

In each wetland, five sites were selected lor waler
sampling  for  reasons  of  accessibility  and
representativeness and for sampling any increase in
cyanobuaeterial concentrations irrespective of wind
direction (Fig. 2). All water samples and temperature
readings were taken in the morning and as near as
possible to the same (ime at each visit. Wherever
possible, Loch Luna was sampled first followed hy
Banrock wetland within 2 h. Collections ol waler
samples were made weekly from Oetober 1o December,
fortnightly from January to Mareh and monthly from
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Tasrr Lo Numbers of cells of Anabaena spp. and
concentrations of dissolved reactive niteate and  total
phaspliate - Lach Luna 1994-90,

Tasli 2.0 Numbers of cells of Amabaena spp. and
copcentrations of dissolved reactive nitrate and  toetal
phosphate < Bunrock 1994-1996.

Date Cellg DRNitrate  Total phosphate Date Cells DRNitrate  Total phosphate
(mgl!) tingl 1 (mgl!) (mgl " (mglh (mgl"y
Nov 3, 1994 + 0 0.16 Nov 3. 1994 14 (} 0.20
Nov & 0 0 0.13 Nov 8 0 s 17
Nov 15 t 0 0.17 Nov 15 + 044 0.27
Nov 22 56 0.44 .20 Nov 22 0 0 11.30
Nov 29 41 e 0.25 Nov 29 1.460 T 0.27
Dec 6 434 ().44 0.13 Dec 6 2,480 3.5 (.41
Dec 13 1.230 )] 0.27 Dec |13 1.560 T (60
Dee 20 5390 0.44 0.47 Dec 20 303 T .70
Dec 27 23,700 2.20 0.16 Dec 27 125 0 (.23
Jan 3, 1995 10,600 Tr. 0.46 Jan 3, 1995 96 1. .15
dan 17 14,500 6.1 0.19 lan 17 245 4,0 0.33
Jan 31 1,050 044 0.45 dan 31 146 2.2 .21
Feb 14 3500 Tr. 0.07 Feb [4 373 0 12
Feb 28 Y7 3.52 010 Feb 28 311 7.9 (L06
M 14 437 (.84 0 Mar 14 883 .88 T
Mar 28 172 2.20 ().23 Mar 28 5 0 133
Apr 18 425 2 () (1.36 Apr I8 183 0 0.27
Muy 10 909 0 .25 May 16 189 Tr. 0.33
dune 13 100 .32 0.17 June 13 wetland drained
July I8 I 0 0.17 July 18 S0 (} 0.20
Ang 16 b 352 0.19 Aug 16 0 0 (0,24
Sept 5 0 Y] 0.30 Sept 5 -+ 0 (.40
Sept 19 2 Tr. 0.07 sept 19 + Tr. (125
Oct 3 0 Tr. (.53 Oct 3 (} [i] (1.28
Oct 10 8 [§] 0.47 Oct 10 8] 0] .34
Oct 17 [f] 0 0.43 Out 17 14 (} 0.35
Out 24 2 0 .95 Oct 24 ¥ i} 023
Oct 31 I 0.4 .04 Oct 31 Il 4.4 0.27
Nov 7 24 0 (.20 Nov 7 24 T 0.26
Nov 14 6 4.4 0.21 Nov 14 ZU 0 (.30
Nov 21 450 0 0.17 Nov 21 225 1] 0,16
Nov 28 1,183 0] 0,23 Nov 28 626 352 0.30
Dec § 1.220 7.48 (.30 Dec 5 461 "Fr. 0,30
Dee 12 1.150) Tr. (.40 Dec 12 455 §] 0.36
Dec 19 115 Tr. 0.67 Dec 19 135 Tr. (.43
Dec 26 1,270 22 0.20 Dev 26 304 Tr. 0.18
Jin 9, 1996 997 0.0 .20 Jan 9, 1996 2300 4.4 0,21
Tan 23 3,190 44 0,17 Jun 23 1,040 1.32 0148
leh O 2,530 8] 0,08 Feh 6 2,170 (0 0.02
Heb 20 368 Tr 0.25 Feb 20) 240 1] 0.4
Mar 5 63 contaminated contaminated Mar 5 71 () 0,60
Mar 19 444 () .23 Mar 19 328 3] 0.30
Apr 14 57 () 0.12 Apr 14 28 {) 0.12
May 14 0 0 0.41 May i 0 0 .33
dun Y 0 0 (L0G Jun v 0 0 0.24




15() AM.OESEN

April o Septemberon the dites given i ‘Fables [and
7

AL cueh site (Figo 2) a one-live surfuce warer

sample was tiken and bulked inoa five hiee plasoe
Dol with samples ke frome the other four sies,
Aliyierts ol the bulked sample were Transtered w0
air-lree 5000 mlb polycarbonate plastic screwlop
Bottles for sabseguent physico-chemieal analyses al
the Sceience Section, Glossop High Schoal. The one-
litre wiler samples Tor counting cyanobuacteria were
vansterred (o 125 1 plastic screwtop botfles Teaving
w2500 ml headspace. The saaples were kepr chilled
until delivery o the Australiim: Cantre Tor Waney

Qualily Resesueh, Bolivie 5A for enuimergtion of

eyarmbacierin cells (HMSO 1990), The special |25 1
plastie hottles Tor the warer simples were supplied
Fromm the Weder Quadity: Eaboratory.

A floatpg ~Der Grune Punke™ No, 7428, hloe
alenhol colump thermemeter was used to record the
sthiee waner wemperadures at each site. A meuan
surfuee witter wemperutore wis then ealeulated for
cath wetland. A plaste bodied mimimunm - masimunm
thermometer, (3004507 C) with pressure adjostment
for indicalors on the mercury column wis used 1o
record minimam and maximuom wiler (emperatures
hetween Himes ol consecutive sampling visits. 1t was
suspended 15 cm below the surface.

There wiy oo 13 June 1995 collection 1 the
Banmek wetlaml because this welliand was drimed
Lor aintenuoee work on the vigation pumps used
tor highland vineyard rigatdon. The Loch Luna 3
March 1996 simple was discarded  beeaose of
suspected contanation,

Chemical amtlyyes

Water satiples were held a4 C untl required and
e anest istanees were apalysed within 48 h.
Measurements ol turbidity.  dissolved  animonia,
tissolyed reactive nitrate ond otal phosphate: were
e wsing 0 HACH DRELS inslrgment and
premised  reagents (Hach 1984 Far dissolved
amnoma cach sample was (lered tiough a Double
Rfigs 200 filter paper 1o remove suspended solids. A
25 b athguol wing messired e w clet glass sample
cell and 1 ml ol Nessler teagent added (Hrch 1992 )
The misture was Telt e colour o develop: In this
case the blank wi distitled warer (25 ml) with | ml
ol Nessler reagent ineluded, Meusurements were
frsele at 425 i and recorded as mgh b alier applymg
aoconversion factor of nahtiphcution by 129 (Hach
19y,

For dissolyed reaelive pitrate (DRN) cach saonple
was liltered throngh i Double Rings 201 paper (o
rentove clay particles. A 25 mlaliguot was measured

Fheh e Codemadgs TG A

e i clean glass sumple celland the cantents ol one
[oil suchet of premived Nitrver S reagent added,
This mixtore was rapidly agitoted for one miniie
then lele for five minmes Tor colour w develop.
Another filtered 25 milsample was used as o hlank.
Messurernents were mide it SO0 iy and recorded s
mgl ! ufter applying o conversion  Faclor of
multiplication hy 4.4 (Hach 1992

For 1ol phosphiate (TP) @ digestive process was
tsed to convert all forms of phosphate o the soluble
orthophosphite [orm (Hach 1992), Fifty il of (he
sample were  measured int o clean 125 a0l
Fadenmeyer Mask alopyg with ¢ ml .25 N H SO and
two foil sachets of K8 O, (Hach 1992) " The mistine
wits heated inoa borling wiater bath for 30 minntes,
allowed Lo cool o room emperature amd then < ml 5N
NuOH were added. The sample was split inlo two 25
ml portions i clean glass sample cells. Oue Tl
sachet of premixed Phosver 3 reagent wis added o
one contiiner angd the colour altowed w deyelop, The
other was nsed as a hlank Tor spectrometric amlysis.
Muisurements were taken at 700 noyand reeorded as
mil ! aler applying a conversion factor (division by
) These DRN and TP resulis conplement duts
collected Tor cight SA wetlands by Sater ¢ al
(1993),

pH was messured using o Hanng HE 84240 pH
meter, The probe was rinsed i distlled waie
between cach test and left b the sample ontil the
highest stible reading was reached.

For trbidity  measurements. cach sample was
agitated vigorously and o 25 mi aligoot was added o
Gl glass sumple cell and placed in the DREL/A
spectrophotometer, Mepsurements were made at 450
nm and recorded gy Nephelometric Turbidity (N1
units. A blank ol distlled water was tsed o 7zern the
instrument.

Condoctivity medsorements werd imadd using 2
LT EE 200 conductivity meter calibrated (0 )4 14
Elevirical Conduetivity (EC) unils belween wueh use,
The calibration solution was prepired by diluting
7455 g of oven - dricd KCUin TOU0- mT distifled
witer. The probe was rinsed with distilled sater prior
o each o and the maximum reading taken cach
frnie 10 wirs used, Besihis were in BC units

Resulls

Mean sirfave water wemperaiey

Thraughaut this study the mean surtuee wires
emperatures in the two wetlands showed alimost
identical trends, Tn generdl, water lemperatiives werd
figher i the more exposed shallow Banrock wetland
than an the slightly more protected  Loch Luna
wetlantl, The highes! surface waler lemperatares 1)
Bunrock, 2857 28.67 and 2847 € were recorded in
the summer ol 19945, corresponding enperamres
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in Loch Luna were 27.4%, 28.5% and 25.37 C (Fig. 3).
The Towest mean surfuce wider fepperatures were
10,37 C in Banrock and 10.2" C in Loch Lumt on 18
July 1995,

In Banrock the greatest range in minimum: snd
maximunt waler wemperitures between conseentive
visis was 200 C (15° - 357 C) between 3 and 17
January 1995 and the greatest range in Loch Euna
was 14,57 C (147 - 28,57 C) between 22 und 29
November 1994, The  monthly  runges  in
summerfautumn were often (57 C oy greater,
whereas in winter, they were 3% C or less, The least
dilterence between mimimum and maximum  water
temperalures between consecutive visils in Loch
Luni was 0.5 C on 18 July 1995,

Lock 3 Pool surfuce water temperature 50
upstrean of the Banrock Station Intake in 1996 was
slightly higher thun the mean tenmiperatores in
Bunrock and Loch Luna (Fig. 3).

P

The pH values ranged up o .56 w Banrock (27
December 1994y and .04 4t Loch Luna (3 January
1995y (Fig, 4). Lock 3 Pool wuter registercd a
maximum pll 8.62 on 14 November 1995 and &
minimum pH 7.51 on 26 December 19985,

Turbidity

The shallower Banrock wetkind moatly recorded
higher trhidity values than those of Toch Luna (Fig.
5). Highestturhidity in Banrock was 200 NT units on
3and 10 Octaber 1993 and the lowest 30 NT units en
4 March and 28 November 1995 while in Loch
Luna the Inghest turbidily was 170 NT units on §
September 1995 and the Towest 1O NT units on 14
Mareh 1995, Turhidity in Lock 3 Pool ranged 70 NT
units on 14 Muy 1996 10 20 N'T units on 26
December 1995, The mixed River Murray - Darling
warler had a turbidity vulue of 48 N'T imits on 9 June
1996,

Cerndduerivity

Fhe initial high conductivity ol 1898 EC units in
RBanrock on 3 November 1994 decreased 1o 871 EC
units in 6 weeks and more slowly thereafter 1o 500
EC units by % June (Fig. 6). In Loch Luna the initial
condictivity ol 1095 EC units on 3 November 1994
decreused w 687 EC units on 17 Januwary 1995, rose
slightly belore fulling o a ounimunm vidue of 327 EC
units on 19 September 1995, Within a fortight there
were twao sharp increases in concentrations (2720 EC
units on 3 October 1995 and 1759 1C units on 3
Octobery before conductivity values decrcased e
ST EC units on 9 June 1990,

The conductivity values of the River Muiray waler
tecrcased slowly from 686 EC units on 31 Qetober
1995 10 311 EC units on 14 May 1996, The mixed
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River Murray - Darling wuter was 438 EC units on'9
June 1994,

Raiafull

Weuther factors, such as heavy rmain and suong
winds. were found 10 influence some  physicul
parameters in the two wetlands. The average annual
rainfall at Barmera is 245 mm. The Barmera rainlall
was considered 10 be representative ol the arca and
its daily rainlall records for the 20-month period of
the study showed that snlall was arregular with
imermittent occusional heavy fulls ol 27 nim on 4
Januvary 1995, 29 i on 1 May, 53 mm on 23
October 1995, 38.5 mm on 2 January 1996, 25 mm
on 27-28 February and 20.1 mm on 3-4 June 1996,

Dissolved anamanic

The patterns ol dissolved ammonia (g, 7) were
similir in both wetlands. The range in Banrock was
Trone O.F7 gl on 28 November 1995 10 3.10 mgl!
on 7 October 1995 ind in Loch Lona from (.30 mgl !
on 3 January, 28 February and 31 October 1995 w
A48 mglton 21 November 1995,

Dissolhved Reactive Nitratte (DRN)

In Banrock there were occasional high DRN
coneentrations, exceeding 4 mal ' in the period
November to March 1994-5 and again on 31 October
1995 and Y January 1996. AL most other tmes DRN
way below detection. In Loch Luna there was high
DRN on 17 January 1995 ind between October and
February T995-6 there were four pecasions when the
concentrations exceeded 4.0 mgl ' (Fig. &),

Total Phospliare (EP)

The highest TP coneentrations recorded Tor Loch
Luna were 0.95 mgl™ on 24 October 1995 and 0.67
mgl " on 19 December 1995 (Fig. 9). At Banrock TP
peaked at 0.7 mgl ' on 20 December 1994, On 13
December 1994 and on 5 Muarch 1996 the next
highest Banrock values were 0.6 mgl ' The mean TP
for both wetlands was similar at ahow 0.3 mgl

Cyanobacteria

When water sampling started in Bamrock on 3
November 1994 the total cyunobacterial count was
Id cell ml! (Fig. 10y By 6 December 1994
cyanohacterial cells peaked in Banrock at 2480 cells
ml* and then declined steadily to 5 cells ml? by 28
March. The sceond bt simaller eyanobactenal cell
multiplication in Bunrock occurred o yeuar later
bewween 7 November 1995 and 9 Janmwry 1996, Cell
numbers rose [rom 24 cells ml! o a maximum of
2300 cells ml ! before declining to 71 cells ml ' on 5
Murch 1996 (Table 2). Three Anabaena species were
predominant in the Banrock wetlind.

In Loch Luna between 1994 and 1995 the same
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three Anabaena species were predominant through
the rise and subscquent decline of high cell
multiplication (incipient blue green algal “bloom™).
During  November 1994  the number of
cyanohacterial cells reached a low of 41 cells ml "but
after 29 November their numbers increased rapidly
to peak at 23,700 cells ml-h on 27 December 1994
before declining to 97 cells ml' two months later
(Fig. 10, Table 1). Auabaeua coiled specics was
predominant vntilt 3 January 1995 after which
Anabacna  circinalis  displaced it until mid -
February, The  coiled species again  became
predominant untit June 1995 when all three
Anabaena specics were present in low numbers until
late November 1995 when multiplication  of
Anabacna coiled species began again, This species
peaked at 2530 cells ml'' in early Fehruary and a
month later cell numbers fell o 63 cells mi! (Table
1). Cell numbers rose slightly 1o 444 cells mt! on 19
March 1996 but no cells were detected on 9 June
1996,
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Other cyanobacterial species identilied in the water
samples, although occurring only in low numbers,
were Anabaenopsis elenkini (6 December 1994 - 20
February 1995), Aphanizonenon sp. (22 November
1004 - 13 June 1995, 23 January - 19 March 1996),
Oscillatoria sp. (3 November 1994 - 18 July 1995, 9
January - 19 March 1996). Cylindrospermopsis
raciborski, Plankiothrix spp.. Arthrospira spp..
Microcystis aeruginosa and Pseudoanabaena spp.
were identilied Irom time to time.

Discussion

Surface water temperatures, pH, turbidity and
conductivity levels followed similar trends in both
Banrock and Loch Luna wetlands and  were
comparable with the values recorded between 1990 -
1993 for the cight floodplain wetlands of the River
Murray in South Australia by Suter er al. (1993).

River Murray turbidity values were highest (70 NT
units) on 14 May 1996 and lowest (20 N'T units) on
26 December 1995, Mixed waters ol River Murray
and Darling River (Lock 3 Pool) registered 48 NT
units on 9 June 1996. In the 10-year period 1978-88
Lock 3 Pool water averaged 60 NT units (Mackay &
Eastburn 1990),

The high conductivity value ol 1898 EC units in
Banrock on 3 November 1994 was caused by a
blocked inlet pipe into Banrock; with the c¢learing ol
the blockage conductivity vilues in one week
dropped to 1507 EC units. Turbidity in Banrock
increased from 104 to 155 NT units between 5 and 8
November 1994 due to turbulence trom the rush of
water following clearing of the blockage. Seven
weeks for conductivity values and live weeks for
turbidity values were required to reach equivalence
with Loch Luna values.

In Loch Luna conductivity levels rose from 327 to
2720 EC units on 3 October 1995 after spring rains
and strong runotf. At Barmera. 13 mm of rain lell on
31 August, 9.6 mm on 5 September, 9.8 mm on 25
September, 10 mm on 3 October and 53 mm on 23
October 1995, Seiche effects in Lake Bonney and
added runoffs caused the high conductivity water
from Lake Bonney to flow through Chambers Creck
into Loch Luna wetland. The outward movement of
the high conductivity water (2970 EC units) from
Lake Bonney was traced from data recorded on 6
October 1995 at position PO1517 in Nockburra
Creek, a tributary of Chambers Creek. Six weeks
clapsed belore the higb conductivity water from
Lake Bonney had been diluted to 721 EC units (14
November 1995).

The range of DRN concentrations in Banrock was
0 - 7.9 mgl' and in Loch Luna 0 - 7.48 mgl'. The
high registrations occurred mainly alter heavy rains
but there are also nitrate contributions Trom time to
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e Trom water teod the [iver Murgay amd from
sgricultural drains, wwn o elTluenly aml sewage
dischurges us well aw localised aumolvue breakdown
ol nitrgen - ning blue green algae (Anabacna
s There isan iinknown DRN putrient nput from
huge Tocks of pelicans (= 1000 hirds)e swins,
vormorants and ducks and lesser numhers ol oiher
witer birds gesident in Banrock and Loeh Lunu
wetlands and an the Binks al' the River Murray,
Nitrates are also produced by lighuing  (Smith
1990,

The highest T level (.95 mgl )y recorded in Loch
Lt gecurmed on 24 October 1095 1he day alter 53
i ol v fellar Barmera and S8 mim e Banrock
Stahon (€0 L Rohlueh pers. comni, 1995 Such
heavy rin amd conseguent runolm cause hotlom
disturhumees in shadlowy wetlinds which redistrbure
divandyed  rgante phosphorus . compounds and
iardanic phosphoras hound o suspended  or
distiybed botorry organic particolaes i the wiler
colwnn, Bregs ef al, (1985) have also drawn
altemion o the complesity oF chemival relatinnships
withine werhmds amd the effects of weather fuctor.
such as wands and wemperitare, on water chenistry

Naov Bloois of eyanobacterin were observed i
anrock  welland,  The  mulliplication ol
cyanabucterinl cells i Banroek docing December
19 was hulied by the tneveased witer inflow
tollonwinig removal of the blockage 1 the silet pipe.
The eyanobuacieria were [Tushed gul prevenling any
forther development of o eyanabacierial bloonn
Banrock wetand that year.

I Loch Lo evanobadterial cells reached o
mrannem ol 23,700 cells ml' oo 27 December
hetore decliming w zero by 14 March 1995 ARer the
collapses of the cyanabacterial popudatiwn e Loch
Lo ane December 1994 0 small bae visible blue
areen alpul Bloom  develaped  dowistrewn i
Febriury and March 1995 glong the castern hank ol
The River Murray adjoneeni o Tock 3 weir 1is likely
that thism bloom bl its genesis in the November -
December 104 cell multiplicaion e Lach Lung
st aid o the swoe side ol the River Murry.
Sl hlue green algal hloomys had ocemrred ni (his
st location By previons years (Lock 3 stalt pers,
o, 1995,

Bowlime (199:4) repurted  The oceurenee and
possilrde causes o o severs Angbocho e inlia
Blowime i Lake Cargellige NSW o Jate (Y909 |
when cell numhers exceeded 00000 ¢ells ml ! The
physico-chennenl Jevels e the ake e 1990 had
viies close wh the 1946 vilues in Loch Luna for
waler temmperatares, pHL turbidity and conductivity
B fover wiasinon coneentrations of TR and DRN
Han were fonnd for Lodk Luna, Boswling (1994
capressed the view shoal the Like Cargethigo hloonm
fhat bl several anderlving canses ol this

bloom wre  probable,  the  elevaled  nuirienl
concentrations. especially ol total phosphimus, were
nijor faetors thar conteibuted w0 He drew
arrention (o the facte that most physicoschemic
studics of cyanohaeterin blooms were stited after
fhe hlooms had oecurred.

[ this sty of the physico-chemmenl propenics ol
the twa wethands o seimch for Bloans - Tormmg tosic
cyanohicterid species wis started betore any cell
multiphcation hd  commenced and o sersomail
pallern is described. Cyanobacterial cells may
remai dormant e cold waters and grow best
Water femperatares. excecding 157 00 with optintgl
growth vates o1 257 Cor higher (Robants & Zoluny
19851 The effect ol waler lemperatures  on
cyanohacterial cell numbers in Loch Lui is shosen
with dars from Tauble T which show that Rloarms only
oceurred hetween Navember and February, Nimhers
O Apgdreied spp. tose suddenty frome serm o 15
November 1994 (2001 C) o 23,700 mil-1 on 27
Pecenher 199402427 C)and then began subsidiog,
ever though the witer wempertores sere high,
perhups hecause ol exhiustion of nuerents.

The rise pd Gl e cell ndmbers nay also be
rehited o the concentrations o the two mutrienks,
DRN amd TP recarded during the wrowthy aned declinge
ol the 19945 gmd 995G hlue green slgal outhredks
(Table Ty However, since the copeentiatod of
dissolyed meactive: phosphoras s ol known, (hesye
reationships must be veeated with caurion.

Fhere were Toue occasions (200 December 1994, 5
and 30 fanwiry 1995 and 18 April [995) when TP
coneentrations i Loch Luoiwere ol or ahave 0,36
mel oand DRN O was  present even in low
eomeenteanons (T - 2.2 mgl ) Aler cach ol these
events  there was o nse e the nambers  of
cyanobacierial cells. i Octaber 1995 (mean 16,9 C)
there were four T coneentritions hetween 0,43 und
095 mgl ! bt DRN swas low or absent aod ng cell
mulriphicaton deyelpped

A pattern reled o noeriene availablity o
wimperiture e be seen e cwldy 1996, Ader
nerease (o 2000 cells on 23 Tunuary 19946 the cell
pmbers began to dectine possibly doe o very low
concentrations of DIRN and fluctuating values of 11
e the water colwmn, The eyimobacterie population
reached zerp on 14 May 1996 The mean winee
femperature on that dite was 137 C wlichis aear the
minime remperatire range for geowth ol many fee
liyving cyanubaeterie speeies,

From the data obtmned in this study in is suzgesied
that outhreaks of cyanobacteriol Blooms did o
accur in the sipmers of 19945 gad 19956 Peeause
there were inadequite concentrdions ol TP amd
PEN 1 (he wider eolumn during the perind ol
[avourahle growth for eyanabacteria Daa from this
stody bdicare that TP coneentradon ahoye 056 mgl |
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and DRN concentration at or above 4.00mgltin the
wetland muy provide tor continucus growth in the
Anahaena species.
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